When the motor speed is reduced by using a regenerative brake, the mechanical energy of rotation is converted to the electrical energy. When the regenerative torque is large, the corresponding current increases so that the copper loss also becomes large. The damping effect of rotation increases according to the time elapse. In order to use the limited energy effectively, an optimal regenerative torque for power regeneration should be discussed. This paper proposes a design methodology of a regenerative torque for an induction motor shown in Fig. 1 to maximize the regenerative electric power by means of variational method.
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The regenerative power W rg is given by subtracting the whole interior loss from the generated power. Then W rg becomes the function of the rotating speed ω rm and its accelerationω rm . A regenerative electric power I rg between interval [t 0 , t 1 ] is defined by
The aim of this paper is to derive an optimal regenerative torque T e in order to maximize I rg . To acheive this purpose, waveform of ω rm will be derived by using variational method because W rg depends on it. It is well known that solving the Euler's equation
is equivalent to solving this optimaization problem. From obtained waveform of ω rm , an optimal torque is derived as
Similarly, an optimal torque for acceleration is derived in order to minimize the power to drive. Figure 2 shows the simulation results of power regeneration under both constant torque and proposed optimal torque. At 0.7 (sec), V DC2 of the proposed optimal torque is larger than that of constant torque. This behavior indicates that the proposed optimal torque can regenerate power larger than the constant torque.
Finally, an efficient motor drive system with the proposed optimal torque and the power storage system stabilizing the DC link voltage V DC2 will be proposed. The effectiveness of the proposed methods are illustrated by both simulations and experiments. 
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